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ABSTRACT *

THE EFFECT OF AN ANALGESIC AGENT ON
MUSCULAR WORK DECREMENT

OBJECT - R '

To deterrmine if ischemic muscle pain and the decrement in con-
traction strength of a tonically contracted muocle are causally or
R merely correlationally related,

BACKGROUND

. Previous“work has shown that a correlation exists between the
intensity of pain and the strength of contraction ix a tonically contract-
ed muscle.. In order to determine if these relationships are causally
related, human subjects were given an analgesic agent to reduce the } -
pain aspect in the performance of an isometric muscular contraction,

PO U

RESULTS
The results showed that the administration of an analgesic had no

T - effect on either the maximum cu'ength or the endurance of an isometric
muscular contraction,

CONCLUSION

= T These results are interpreted as a deémonstration of the lack of a »
causal relationship between the decrement in work output and the pain =
of ischemia in a tonically contracted muscle., )
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THE EFFECT OF AN ANALGESIC AGENT ON
MUSCULAR WORK DECREMENT

L INTRODUCTION

Dorpat and Holmes (1) have shown that in tonically contracted
muscles the time for onset and the intensity of the induced pain and
the degree of ischemia are directly related to the strength of con-
traction, Also, it has been demonstrated that the degree of muscle .
ischemia was proportional to the degree of induced pain. These ob-
Bservations led to the concluzion that the pain associated with strong:
tonic contraction was due to the accumulation of noxious metabolites
in the muscles made ischemic by contraction, It should follow, then,
that if the relationship between ischemic pain and decrement in con-
traction strength is a causal one and not merely correlational, an .
analgesic agent such as codeine, which Hewer and Kelle (3) have
shown to be effective for ischemic muscle pain, should extend the
time for which a strong contraction can be maintained.

The purpose of this study was to explore a relationship between
ischemic pain and decrement in muscle contraction strength to de-
terr\ine whether these factors are, in fact, causally related,

) e E -

. METHOD - -
Ti:e subjects were 14 male volunteers from the labéi*&tory staff.

- The apparatus has been previously described in detail by
Caldwell (2), In brief, it consisted of an adjustable seat and foot-rest
which permittéd all subjects to be placed in anatomically similar posi-
tions, and an isometric handle adjustable to produce similar arm posi-
tions for all subjecta., The seat was adjusted to position the approximate
center of the right shoulder joint at the height of the handle, and the foot-
rest was positioned to set the long axis of the thigh 20°® above the hori-
zontal and to produce a knee-angle of 150°®, The handle was set to pro-
duce an elbow angle of 150°.

The output from the strain gages mounted on the handle was fed
into a strain amplifier and recorded on an ink-writing cscillograph, A
voltmeter with a scale marked in pounds, which was connected in par-
allel with the recorder, served as a display for the subject, Red and
green lamps mounted on the meter were controlled by an amplifier
connected in parallel with the display., The display amplifier had a




bias control which varied the :switching point of a bipolar relay. Thus,
the amplifier could be set for the green light to be turned on by any
desired force on the handle.

Prior to the experiment, each subject was given practice in the
experimental procedure and his '"peak strength'' was determined. To
determine peak strength the subject was told that he was to pull as
hard as possible for 8 seconds, and that the ma.ximum force obtained

"was to be noted, The peak strength test was repeated several times
until the subject's performance had stabilized, The subject's maxi-
mum output was noted. The output which was to be maintained in the
subsequent endurance tests were set at 90% of the individual's peak
strength, On the endurance test the display amplifier was set to tura
the green light on at the appropriate output level (90% of the subject's
maximum strength) and he was simply told to keep the green light on
as long as possible, The trial was termiinated by the experimenter
when the green light remsined off for as long as 3 consecutive'seconds.

Each subject's strength and endurance was telted under seven con-
ditions: a '"no drug'' or normal condition; four different doses of codeine
sulfate (16 mg, 32 mg, 48 mg, and 64 mg); a placebo condition using :
100 mg of lactose; and an "active placebo'' condition with 50 mg seco-
barbital, The "active' placebo was used to test for a possible change
in performance as a consequence of '"feeling drugged.' The conditions
were counterbalanced to eliminate possible practice and cumulative
fatigue effects. The experimental sessions were minimally 48 hours
apart, The drugs and placebos were administered in identical capsules
by a double blind procedure one hour before the tests, An eighth testing
session was given under normal conditions as the last session to pro-
vide data for measures of test-retest reliability.

1. RESULTS AND DISC USSION

The mean strength and endurance scores for the olght conditions
are shown in Table 1,

Treatment x Subjects analyses of variance showed that the drug
and placebo conditions produced no statistically significant differences
in performance either in strength or endurance. The test-retest co-
efficients of correlation (rank-difference) for strength and endurance
were . 933 and , 814, respectively.

These data suggest that pain is not the limiting factor in the
endurance of strong tonic muscular contractions, i, e,, that the




relationship between pain and strength decrement is purely correlational,
not causal, The correlation noted between pain and decrement in con-
traction strength may result {from their relationship to a third phenom-
enon--perhaps to the noxious metabolites (such as Lewis' Factor P)
which accumulate in the muscle during sustained contraction,

When the subjects were asked why they were unable to maintain
the required output, the most common report was that the pain was too
intense, However, at the highest codeine dosage most of the subjects
reported a generalized weakness rather than pain as the reason for the
inability to continue at the specified output. The fact tha: codeine was
given up to its maximum effective dosage (64 mg), and y.hat opiates do
effect ischemic muscle pain, adds support to the assumption that pain
wags decreased--at least at the higher codeine douge.

v, SUMMARY =g

Codeine sulfate was shown to have no effect on the decrement in
etrength of a tonically contracted muscle. This is interprcnod as demon-
strating a lack of causality in the rela.tionuhip betwsen ischemic pa.inggd

muscle fatigue. A TE
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TABLE !

Mean Strength and Endurance Scores

Strex%gg (lbs)

Endurance (\;ecs)

Control 1
Control 2 |
Seconal (50 mg)
Lacione\kloo_ mg)
Codeine (16 mg)
] ‘Codeine (32 mg)
Codeine (48 mg)

Codeine (64 mg)

T AG 1898-C-Army-Knox-May 62-473

128

133

134

132
133

134

132 -

132

21.5
23.5
25,2
23,8
23,1
24.6
24.2

23.8
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New York, Atts: Victoria S, Greswold, trative and Tech Service Bramch -

" U8 Nawal Air Developmsnt Center, Aﬂmuml Ingtrument Loborutory, Johndville, Pa.

Attn' Simulation
US Nawal Alr Dvnl ant Cnm. Avigtion Nediocal Acceleration Laboratory, Jolmsville,
Pu.nylvuu, Library
US Navel cmx kqhnruq laboratery, Port Hueseme, Califernia, Attn: Code 313 -
US Raval Medioal Neuropsyohictric Ressarch Usit, Ssa Diego 82, Califomis - v
US Noval Missile Center, Polnt Mugu, Califcrnia, Attn: Techmical Lidrary

' mhmwwx School, National Nawal Medical Center, Commanding Officer, Bethesdu 14, - -
1'7 i

Naval Ordnanoe Test Station, The Medical Officer (Code 88). Station Hupdtcl “Ching
lﬂh California

US Mowal Radioclogicsl Defesse lnbm , Cosmanding Offiocer and Divecter (322),
Franciscs 84, 1}1 fornia i

US Naval Research laboratory, Code 3027, Washiagtem 25, D. C,

US Nawal Scheol of Avietice Medicine, Aviatien Psychelogy laberutory, US Nawl Avistion
Nedical Cecter-54, Pemsacela, Florida

U8 Nowa) School of Aviatioa Medicine, Director of Ressarch, US N:md Avlcucn Ceaur 54,
Puuncok Florida

tB R:rvd 'l'rninhq Device Ceater, lhm E).qinoorinq Domt:.at. Cadc 34, Port Washington,

10

us R:mxl bcpan Plant, Experimental Diving Unit, ¥Yashington 25 D. C. }

AGEXCY - AIR FORCE

Air Foros Flight Test Center, Human Fheton Branch (FTFEH) Edwards Alr Fom Bcu
California, Attm: Chief, of Human Footors

AIR RESEARCH AND DEVELOPMENT COMMAND
;m;hzfdn%lomt Consand, US Air Foroe, (ROGEL) Andrews Air Force Base,

Air Research andchﬂlo?cnt Commitnd, Office of Scientific Research, Behavioral Sciences
Division, Washingtem 23, D

Air Research and Development Canand Operations Office, Laurence G. Hansco= Field,
Bedford, Masscchusetts, Attn: CCRHA

Air Research and Development Comsand, Operatiomal Applications Office, (OCRH), L

laurence G. Hanscom Field, Bedford, Messachusetts

Air Research and Developsent Command, Wright Air Development Center, US Air Force,
Wright: Ratterson Air Foroe Buse, Chic, Attn: D. G, Pitts, Visien
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Ceples
AIR RESEARCH AND DEVELOPMINT COMMAND CONTINUED -

i IH t Air. Research and Develo t Compand, (WWRDAS Ae al -
ht Pattersen Air Force Ba:?ad‘uo rospace Medionl Library) WAID

B! 'rl ht Alr Development Division, US Air Ferce, Aercs Medical Division, W .
Patterson Air Force Base, Chic, Att: WWADAS, Lt Coplzmsmnl:; L. ;: S Wright

1 ¥right Air Develomment Division, Wright-Patterson Air Force Base OChio. ‘Atta: WNRONA
2 Alr Treining Comsand, Office of The Surgecn General-P, Randolph Air Force Base, Texas

1 Arctic Aeromedical Laboratory, APO 731, Seattle, Yashington, Attn library

1 Assistent for Ground Safety, UCS/P, US Air Foroe, Vashingten 25, D. (o

l h(‘:oﬁ@mA%: m gu ;‘!&Arz Alr Defenne Command, Colorado, Springs,

1 &t Mr Fores Bane, Cossgrder Mr Development Center, OAD, Husan Factors, Box 18,

oredo Springs, Colorsde
1 Huu Fagtors Division, Director of Research and Technel 8 Air T %ashingt
28, D. C., Attn: Chief, Husuz Facters Divisiea o £ reres =

. &to:. National Aercpautics and oo Administration, Langley Field,
& % Attn: Librgries S;u raisen 7 Ee
1l TRome Alr lopment Ceater, Air Research and Development Comatnd, Alr F . Criffiss,

Air Fr Bame, Nev York US Adr Foros

L 2 UB Air Force Aercspace Nedicul Center, SAN, (BAMRSCH. P) Brooks Air Foroe Base, Texus

1l U8 Air Pom ital, &Air Porcr&u«m Medioal Center (ATC), lackland Air Ferce
- Base, ttn:

Tl wmMr cho. Btmmtc nrw. (sm;. Offutt Air Force Bame, Nebrasia

o N

1 Argen. Natioml laboratery, §700 Sautk Cuss Avenue, Argemne, [llineis, Atta: Heylande
1  Ceotral Intelligenoe Agency, 2430 E. Btreet, N.V., Vashington, D, C., Aten: 1331, RSS Bldg.
1 Civi] Aercmedioal Research Institute, Federal Aviation Agency, Pa: Office Box 1083,
Chlahoms City, Cklahoma
1 Library of Cngrm. Scienoce and Technology Dhulon. Yashington 28, D C., Attn: Dr.

A, J.Jaoob
1 Ratiomsl !uutuh of Health, Library, Bullding 10, Room WLIS, Bethesda 14, Maryland,
Attn: Aaquisitiens Stcuon
1 HNatioml L\.bury of Medicine, 7th Street & Independence Ave, S.¥,., Washington 235, D. C. -
1 ﬁﬁﬂl Institutes of Health, Divhleu of Research Gronts, Inforsation Office, Bethesda

1 Prosthetic end Sensory Mds Service, Qiof, Research and Develoment DLthcn, Veterana

Aauumuea, 252 7th Ave., New York 1, New Yoerk, Atta: Eugeme F. Marphy, Ph.D,
OTHER AGENCIES

1 Arctlc Health Research Center, Library, Post Of fice Bax 860, Anchorage, Alaska

1 Bell Telepione Laboratories, Murray Hill, Nev Jersey, Attn: Max S, Schoeffler

1 Boeing Alrplane Company, Central Mediocal Library, Bex 11.40, Post Office Box 3707,
Seattle, Washington

1 Boe Air ¢ Compa Chief, oo Nedicine Soction Aero-Space Division, Seattle 24,
Iﬁmtg‘,‘n Attn: ﬂBr ﬁ“ Lewry, (Box 18:28)

1 Boeing Airplane Company, U.hrury, Vichita Division, Vichite 1, Kansas

1 Chrysler Corporation, Box 1118, Engineering Research Depurtment 321, Detroit 31, Michigus,
Kttn: John Versace, Engr. Plycholoqiat

1 Electric Baat Divisicn, Gezercl Dynemics Cerp,, Human Fasters Sectien, Ceoton, Comn

1 Ford Motor Company, Technica! Inforsation Sectien, Scientific laboratory, Post Office
Box 2083, Decrborn, Michigan

1 General Electric Capany, Todmiml Military Plenning Operatica, Library, 735 State
Street, Santa Barbara, Califerni

£
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Geﬁ:;d{[cmectric Cozpany, Advanced Electronics Center, at Cornell Univnnity 1 raca,
rk

IE: Rgua;chl&ntnr, Biophysica Group, Box 2]8, Yorktown Heights, Nev Ycrk Attn: Dr.

ITT Lakborctories, Human Factors Division, 380 Washingten A , Nutley 10,
Atta: Richard'G Latar, Humen Factors Analyst o o oo oy 10, New Jersey.

John Crerar Library, 88 East Randolph Street, Chicago 1, Illinois
Mayo Clinic, Section of Biophymics, Rechester, Minnesota, Atta: Dr. Kenreth N. Ogle

v*;rfy Hospital, Anesthesic Research laboratory, Locust and Pride Streets, Pittsburgh 19,

nnsylvania

Notorole Incorporated.:-Systems Research laborstery, 9330 Indiana Avenue, Riverside,
Califoraja, Attn: R, E. Freese, Tech Info Superviser

National Aeronqutiza and Space Adeimistration, 1520 H Street, N. W , Washington 25, D. C.,
Attn: Bertram K. Nuloahy, Asst Directer fer Techmica! Iaformation

Rheer Culifone Corperation, 1020 North la Brea, loe Angeles R, Caluornla, Attn: Nr,
¥. R, Doutsch, Head, Research end Develomant
Space Tochnclog Laborutory. Subcopmittee on Noise, 327 South Alvarade Street, Los
les &7 lifernia

Synm rab Center, Lockheed Electronics Cos . Bedainster, . :
Rtoms m' b Dot ec o8 puny r, New Jonry Aten

Yer‘na Leboratories of Primate Biology, Incerperated, Orange Park, Florida
NEDICAL COLLEGE/SCHOCL LIE\ARIE AND DEPARTMENTS .. e

Albcuy Medical College Library, New Scotlnd Avonue; Albany 8, New York

Kntioch College, Engineering Psychology Research Project, Yellow Springs,.:thic

Bowsan Gray School of Medicine Library, Winston:Salee, Nerth Caurclima

Browm Unéz:ny. Depcrtment of Peychology, Providence 13, Rhode Island, Atta: Prof.

versity, Depcertment of Psychology, Frovidenoe 12, Rhode Island., Attan: Prof.
Hnro Schl rq,%:mnncnt elesy o °

Cell of Nedioz] Ewangelists, Vhite Meworial Mediocs! Library. 1720 Broek! Amm.
"::qolu 3, California i r

College of Medicn! Ewangelists, Vernier Rodcliffe Meeoria) Library, Laes Linda, Gelifornia
Cem gf P?Zﬂcim of Philadelphia, library, 19 South 2md Street, Philadelphia, 3,

Colnﬂlc University, Department of Pnycholoqy, New York 27, New Yerk, Atta: Dr, C. H.

Colulbia Univeraity Medicel Librazy, 830 West 163th Street, Nev York 32, New York

Corzell University Nediocal College Library, 1300 York Avesue, New York 21, New York
Creightm University; Medical-Pharmacy Library, 1401 Davenpert, Qeaha 2, %eb raska

Emory University, Department of Faychology. Atlanta Z, Georgis, Atta: Dr, E, A, Alluisi

f‘l;rid\: g:nu University, Department of Plycholoqy. Tallahassee, Flerida, Atta: Dr
. ¥, Dawson i

Fordham Univetsity, Fordie Rood, New York 58 No' York, Attn: R. T. Zegers, Sr.

Cnorqo 'ashlxvtcn University, Humn Resources Research Office, P. O. Box.35%,
D. C., Attn: Library

Hcmrd School of Public Health, 1 Shattuck Strest, Boston 15, Mussachusetts, Attn: Dr.
Albert Damon

Harvard Medical Library,25 Shattuck Street, Boston 15, Massachusetts, Attm: Library

Ingécnc University, Department of Psychology, Bloomirgton, Indiana, Attn: Pref. R. C.

vis

Indiana Univers ity Medical Center. School of Medicine Library, 1100 West Michigan Street,
Indiampolis 7, Indiana

Indigma University Medical Center, 1199 West Michigen Street, Indiarapolis 7, Indiaca,
Attn: Dr. Harris B Shumacker Jr., Prof. of Surgery
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- Indigne University, Anctomy.Physiology Deptirteent, Bloomington, Indiane,

MEDICAL COLLEGE/SCHOOL LIBRARIES AND DEPARTMENTS

Atta: Dr, Sid
Robinsen )
Jefforson Medical Cellecs Librury, 1025 Walmit Street, Philadelphia 7, Pemnsylvania

John Hopklu University, Welch Medical Library, 1800 E, Momument Street, Baltizoere 5,

Xaén:u Sbuto University, Psychology Division, Mazhatton, Xansas, Attn; Dr. lhuan

van

Marquette University, Medicul-Dental Library, 560 North '6th Street, Milwoukee, Wisconsin

Nedieal College of Virginia, Towmpkins-NcCaw Library, Richmond 19, Virginia

P‘ﬂ;’h?k lﬁninuny. College of Engineering Research Divisiom, 252 7th Avenue, New York
v York,

New York Acadesy of Medicine Library, 2 East 103rd Street, New York 23, Nes York

New York University Medica] Center, Medical Library, 5% Firat Avenue, New York 16, N, Y.

No}r{thmt’ﬁa University, Department of Psychology, Evaniton, lllincis, Attn: Williar &,

Naat&inlaﬁs ‘Uninlglﬁy Mediocl School, Archibuld Churchk Library, 303 E Chicego Avenus,

g0 -]

Chio State Unlurlity Research Center, Directer, Aviation Psychology laberutery, 1314°
Kennear Roead, Columbus 12, Chio

CiuelSMo Univgny Research Center, szcbo“.quhtxa Laboratory, 1314 Keznear Road,

Ohto Btate University, Topas Librury, School of Optometry. 398 West l0th Avemie, Columbus

mo'smta University., School of Optemetry, Columbus 10, Chio, Atta: Glm A, Fry, Dir. k

m&m College Library, 1758 Vest Hctrlm Street, Chicage 12, 1llinois, Aten:

rorian
Stanford University, lone Medical Library, 300 Pasteur Rosd, Palo Alto, Califersia

smm Uumuty. mprtlut of Physiologf, Stanford, Culiferaia, ttar— .

!‘Dl o
s/u%a Ual:;n%ty of lows,. cslloqa;sl Nedicine Library, Medical Laberatories Bullding,

8&58 Uunﬂlt/x of Rw Ye:k[ Dwutcu ﬁtdtecl Center, Deparimeat of Amsghn.lolqy,

State University of Nn York, Damuu ladial Center, Medical Library, 4% Clarksen
< Amc 3. New ka
Texcas Medical Center Library. Jesse " Jores Librery Building, Houston £5, Texzs

Tufts University Institute for Applied Experimental Peychology , Nedford, Jasscchusetts -

Tulare qumuy. School of Medicine; 14X Tulane Avenue, New Orleans 12, Leuisiana,
Attn: G, E. Burch, N.D,, Professor of Madicine

“West Virginia University, Nedioal Ceater Library, Morgmtown, West Virginic

Unﬂtuuy of Alcbasa, Nedical Center Library,1919 Seventh Avenune Scuth, Birmirgham 3,

University of Arkansas, Medioal Center Library, 4301 Vest Markham, Little Rock, Arkamseas
University of Buffale, Departsent of Pcyuhology, Buffalo 14, New York

Uninul of mngula, Health Sciences Library, Copen Hell 141, Buffale 14, New York,

ttn: tar -

University of Califernia, Mediocal Center, Biomedieul Library, Los Angeles 24, Califernie

Und ity of Chi laborat of Physioclogical Psychel Faculty Exchenge Box L84,
Dlooy 77, TiTiaols, Atta: W, D. Reff oy, Fomty

University of lllinois Airpert, kvlq}ien Psychology laboratory, Savey, 1lllinois

University of Illincis, Department of Paycholegy, Urbana, Illimeis, Atta: V. E, Kappauf

Un.ln ity of lllincis, Departsent of Psychol Training Research Inbon:to ] 45 Lincola
Hal i lﬁbana, I1linecis, Pgttn Profnm L:!Zence L ggolurcn Ph.D i

Univoulty of Illinois, Documents Division, Urbapa, Illincis
Unlnnit} of Illénﬁx Speech Hearing Clinics, 80l E., John Street, Chempzign, [llinois,

University of Kansas, Madical Center, Clendening Medical Library, Kacsas City, Kansas
Univeraity of Louisville, School of Nedicine Library, 101 ¥. Chestnut,St, louisville, Ky.
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_ University of Pittsburgh, Fulk Library of the Health Professiozs, Pittsburgh 13, P A

U”""JX
) Inmumleﬂ. 82

e

NEDICAL CCLLEGE/SCHOOL LIBRARIES AND DEPARTMENTS

‘University of Miami, School of Medicine, Departzent of Ophthalmoclogy, Miami 38, Florida

Univeraitg ofglchi n, 4506 Kresge Medical Research Building, Aan Arbor, ch&uqnn,
r rle E'n:

Unﬂe;alty of Michigan, Serials and Docusents Sectian, General Librery, Ann Arber.
chigan

University of Minnesota Library, Serials Diviaien, Minneapolis. 14, Ninnesota

. Unégulty of Nebraska, College of Nedicine library, ¢2nd c;nd Dewey Avenue, Omaha,

raska, Attn: - Librarian
University of Nerth Caroling, Division of Health Affairy’ L.Ibrury. North Caroling
Meeorial Hospital, Chapel Hill, Nerth Carelima o
Univeraity of North Carolinag, Depurtmsmt of Medicine, Chapel Hill, Nerth Carolina, s
Attn: . Richard L. Dobson -
University of North Carolina, School of Medicine, Department of Physiology, chapol Hill,
_North Carolim
Unggr;ity of Cklchawy, Nedfcal Center Library, 801 N, E. 13th Street, Oklahoma City ¢,
ahoma

University of Oregon, Madioal School Librory, Portland 1, Oregon, Attn: Librarien

i

University of Pittsburgh, Graduate School of Public Health, Pittsburgh 13, fx
Unévvniéy of Rachutar. Desnrtasnt of Peychology, Rochester 20, New York, Attn: Dr, . S

of !kd.l.clu. Clinical fel Institute of
'gu , Nesphis % o

:

University of Utah, Medioa! Library, Salt Ilske City, 12, Uwh

Univeraity of Vermout, College of Medicine Librory, Durlingten, Yermont ' . e

Uninni of Virginia, Divisicn of Eduogtional Research, Gld Cabell Hall, -
Charlottesville, Virginia i .

University of Virginia, Nediml Library, University Hespital, Charlottesville, Vlrgiuc

University of Virginia, Psyohologioul laboratory, Pecboedy Hall, Charlottesville, Virginia

University of YashingtonHealthk Sciences Library, Secttie §, Wshingtes

University of Visconsin, Psychologicul Abatracts, 800 N, Rark St., Nedisen 8, Viscomsin

University of Wisconsin, Mediwal Scheol Library, 5.M.1. Bullding, N Charter Street,

- Madisen 8 ¥isoonsin

University of Tennessee, Mediocal Uniu. !eeuy Nemoricl L.U:nry. 82 South mhp. L o
Memphis 3, Texnsssee )

University of Visconsin, Rnlolqﬁnﬁm Divisicn, 800 N. Park Strut. Nxdisen 8,
Visconsln, Atta: Jamice Gams inistrative Assistamt.

FOREIGN .
Anerioen Ewbassy of the United States Army Attsche, Foreiqn Service of the e
SLicea Pbesey, Offion of e U Bogland, Arsy At mm? (Ned1oD) ;
British Aray Medioal lialaen Officer, British Arsy Sexff, British m;my, ¥akingten 8, e

British Staff Office, Benjamin Fremklin Stcu.oa, Post Office Box 168, Wemh '
D. C., Attn: Surgeem, Oupttjxin F. P. Elld > iagron

Canadien Licison Office, US Ax . Offl f'l'ho Su Genercl, 178, Navy
Building, Washingtes 2§, D C.fy =° mon ° Roow R Moin

Defence Research lenbvr. Canadiqgn Joint Staff, 1450 Nassachusetts Avemue, N, Y.,
Washingten 8, D, C,

J. ]. Themson Physical Laboruto . Reading University, Whiteknight Park, ding, England
Attn: Profour:ﬂ LR chbgym ? L4 eknig rk, Reading g

Ku; LnTku Institute, Dupaxmt of Histology, Stockhole 80, Sweden, Atm: Dr, Jan
ersc

Roynl Society of Medicine, Library, 1 Wimpole Street, londen W.1, England

Unﬁ;"'i;q Di Pisa, Imatituto De Fisiologia, Pisa, Italy, Attn: Professor Giussppe
ruse
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Institute of Cccupational Health, Haartmaninkatu 1, Helsinki, Finland, Attn: Dr
J. Karvonen, Director of the Physiologloal Depattment

Martti

University of Western Ontario, Medical School, Department of Biophyaics, South Street,

London, Ontario, Canada, Attn: Dr. Allen C, Burton

University of Western Ontario, Departrent of Physiology, Lendon, Q:tarlo Canada,
Professor J. A. F. Stevenson 7 E

Attn:
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